Representatives of four families of methanogenic archaebacteria (archaea), Methanobacterium thermoautotrophicum AH, Methanobacterium thermoautotrophicum Marburg, Methanosarcina acetivorans, Methanocococcus voltae, and Methanomicrobium mobile, were found to be light sensitive. The facultative anaerobic eubacteria Escherichia coli and Salmonella typhimurium, however, were tolerant of light when grown anaerobically under identical light conditions. Interference filters were used to show that growth of the methanogens is inhibited by light in the blue end of the visible spectrum (370 to 430 nm).
communication, we describe the sensitivity of methanogens to continuous exposure to light in the visible region of the spectrum.
MATERIALS AND METHODS
Bacterial strains and growth conditions. Methanobacterium thermoautotrophicum AH (DSM 1053) and Marburg (DSM 2133) were grown in general salts medium no. 3 as previously described (1) , with the following modifications: no yeast extract was added, and 9 g of NaCl and 5 mg of NiCl2 were added per liter. Methanosarcina acetivorans (DSM 2834) was grown in general salts medium with 0.3% methanol, which it utilizes as a carbon and energy source. Methanomicrobium mobile (DSM 1539) was grown in a partially defined medium which contained Casamino Acids and boiled cell extract from M. thermoautotrophicum AH (16) . Methanococcus voltae (DSM 1537) was grown as described previously (19) . E. coli (strain DMS 7118) and Salmonella typhimurium (strain LT 2) were grown in a 1:1 mixture of general salts medium and nutrient broth (1 g of maltose, 2.5 g of yeast extract, 10 g of tryptone, 5 g of NaCl, and 10 ml of 1 M MgSO4-7H20 per liter). All organisms were anaerobically inoculated into tubes containing 5 ml of medium as described previously (1), each inoculum being 1 9 .59 x 104 cells per ml (final A660 = 0.02; standard deviation = 2.4 x 104). We therefore observed a loss of cell viability of the culture in the irradiated tube compared with that of the original inoculum (approximately 86%).
Blue light inhibits methanogens. Interference filters were used to show that methanogens are inhibited by light in the blue region of the visible spectrum. As Fig. 3 indicates, light that had passed through the 398-nm filter completely inhibited growth, whereas light that had passed through the 500-nm filter had only a moderate inhibitory effect on the growth of M. acetivorans.
Red fluorescence. Epifluorescence microscopy of M. acetivorans grown in the presence of light that had passed through the 500-nm interference filter revealed that up to 20% of the cells fluoresced brilliant red rather than blue green. Upon further incubation of the culture in the dark, red fluorescent cells were not observed, suggesting that these cells either lysed or reverted back to the normal blue-green fluorescence. We We also passed blue light through a biological filter that contained purified coenzyme F420 in 50 mM KPi (pH 9.0) (Fig. 4) . The final A420 was 2.0 (path length = 1.5 mm). An identical filter that contained only 50 mM KP; (pH 9.0) was made. Control tubes were wrapped in aluminum foil. All tubes were continuously illuminated with a blue fluorescent lamp (8 W m-2). As seen in Fig. 5 , light that passed through a filter jacket containing only buffer totally inhibited growth, whereas light that had passed through the filter containing coenzyme F420 showed only moderate growth compared with that in the control tubes. These data are consistent with those obtained with the interference filter. We also observed red fluorescence of M. acetivorans cells which were incubated in the F420 filter. We observed no red fluorescence with the culture incubated in the filter containing only buffer; that is, under conditions that completely inhibited growth.
DISCUSSION
Each of the methanogenic archaebacteria (archaea) examined was found to be light sensitive. Clearly, much needs to be learned about the absorbing species and the mechanism of light inhibition. There are at least two known chromophores found in methanogens which absorb light in this region: coenzyme F430, a novel nickel-containing corphin that absorbs maximally at 430 nm (11, 20) , and coenzyme F420, a deazaflavin that absorbs maximally at 420 nm (4 inhibition of methanogens has on carbon flow in mixed populations of bacteria.
